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Retroperfusion of the coronary sinus does not provide homogeneous distribu- 
tion of cardioplegic solution. The goal of this study was to analyze the 
distribution of flow during retrograde cardioplegic infusion in cadaveric 
human hearts with two different techniques of coronary sinus cannulation: (1) 
internal occlusion of the coronary sinus by balloon inflation and (2) external 
occlusion by tightening the orifice of the coronary sinus around a simple 
catheter. To evaluate differences between the two techniques, angiographic and 
electron-beam computed tomographic studies were performed. Computed 
digital angiography was performed on 14 hearts. Angiographic patterns varied 
according to type of coronary sinus cannulation. With the balloon inflation 
technique, the marginal vein and the anterior descending vein were perfused 
first; the posterior descending vein was not perfused. This vein was opacified 
secondarily through avenovenous anastomosis located at the apex of the heart. 
Backward flow into the right atrium (steal phenomenon) was demonstrated. At 
completion of retroperfusion, the inferior part of the septum remained poorly 
opacified. Conversely, angiographic findings after external occlusion of the 
coronary sinus revealed simultaneous injection of all venous channels. The 
entire septum was well opacified at completion of retroperfusion. Electron- 
beam computed tomographic study was performed on eight hearts with the 
external occlusion technique and nine with the internal occlusion technique. 
The computed tomographic findings confirmed the results of digital angiog- 
raphy. The peak myocardial enhancement and the peak rising rate of myocar- 
dial enhancement within the interventricular septum were significantly more 
important (p < 0.0001) when the external coronary sinus occlusion mode was 
used than when the internal coronary sinus occlusion mode was used. In all 
hearts except one, the right ventricular wall was not opacified, regardless of the 
type of cannulation and the type of radiologic analysis. This study demon- 
strates the importance of coronary sinus cannulation technique in optimizing 
the protection of the interventricular septum with retrograde cardioplegic 
infusion. (J Thorac Cardiovasc Surg 1996;112:1046-53) 
R etrograde cardioplegic infusion through the cor- onary sinus (CS) is an increasingly popular tech- 
nique for myocardial protection. 1-3 Recent studies 
have shown, however, that this technique does not 
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provide adequate protection for the interventricular 
septum and the right ventricular wall. 4-6 The goal of 
this study was to analyze the distribution of flow 
during retrograde cardioplegic infusion in cadaveric 
human hearts with two differents techniques of CS 
cannulation. To evaluate differences between the 
two techniques, angiographic and electron-beam 
computed tomographic (EBCT) studies were per- 
formed. 
Materials and methods 
Normal hearts were obtained from adult cadavers aged 
from 35 to 55 years (mean age 47 years). Cardioplegic 
solution delivery was achieved through a 12F Foley cath- 
eter, that we use clinically. The balloon catheter was 
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Fig. 1. Angiographic findings after balloon inflation of CS. Unfavorable case (10 cases in 14 hearts). 
Injection of CS results in preferential opacification of LADV and OMV. PDV is perfused secondarily 
through venovenous anastomosis (arrows). Note significant backward flow toward CS and poor opacifica- 
tion of inferior part of septum. 
placed just inside the CS and not beyond the left anterior 
descending vein (LADV). 
Two different echniques of CS cannulation were used. 
(1) Internal occlusion was performed as follows: After 
introduction of the perfusion catheter extremity, the balloon 
was inflated inside the CS with 4 ml saline solution. The 
complete occlusion obtained was independent of CS perfu- 
sion pressure. (2) External occlusion was performed as 
follows: the tip of the perfusion catheter was placed inside 
the CS and kept secured by a purse-string suture a ound the 
ostium. In this case, of course, the balloon is not inflated. 
Angiographic studies were performed on 14 hearts. 
Both CS cannulation techniques were tested in all 14 
hearts. Between each injection, the hearts were rinsed 
with 1 L saline solution. After selective cannulation of the 
CS, retroperfusion of contrast medium (50% saline solu- 
tion and 50% iopamidol) at room temperature was per- 
formed at a constant flow rate of 100 ml/min for 2 
minutes. This low flow of contrast medium was used to 
achieve high-quality sequential venous opacification with- 
out myocardial opacification obscuring vessel detail. The 
mean CS pressure observed was 40 mm Hg. 
The progression of the contrast medium was continu- 
ously visualized by means of computerized digital angiog- 
raphy. Images were acquired by a Siemens digital radio- 
graphic system (Polytron; Siemens Co., Erlangen, 
Germany) onto a 512 × 512 × 8 bit pixel at 6 frames/sec 
during a 30-second acquisition period. All angiograms 
were performed in the left transverse position (orthogonal 
to the septum) to visualize the venous tributaries to the 
CS. Digital substraction was performed with a mask of 10 
frames before injection of contrast medium. At the end of 
injection, the quality of the septal perfusion was assessed 
according to the degree of opacification of the septal 
veins. 
Image acquisition. EBCT studies were carried out in 17 
hearts. The EBCT technique used for this study has been 
described in detail elsewhere. 79 With the multislice flow 
mode used for this study, image acquisition required 50 
msec and yielded an in-plane resolution of 1.5 mm and a 
slice thickness of 8 ram. Each heart was positioned to 
obtain tomographic acquisition in left ventricular short- 
axis planes. A series of eight tomograms were acquired 
without dye injection to ensure proper positioning. For 
retrograde perfusion assessment, a series of four midven- 
tricular tomograms was acquired at room temperature 
during a 30-second manual bolus injection through the 
catheter of 50 ml contrast medium (iopamodol, 100 mg 
iodine/ml). The mean CS pressure observed was 40 mm 
Hg. At each level, 20 time points were obtained every 
second during a first set of 10 seconds and every 2 seconds 
during a second set of 20 seconds. The scanning time 
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Fig. 2. Angiographic findings after balloon i flation of CS. Favorable case (two cases in 14 hearts) with large 
venovenous anastomosis between LADV and PDV. Note good opacification of interventricular septum at end 
of injection. 
Fig. 3. Angiographic findings after external occlusion of CS. PDV is opacified first. At end of injection, all 
cardiac veins (including septal branches) are perfused. 
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Fig. 4. A, EBCT result after internal occlusion of CS. Right and left ventricular short-axis tomograms at 
end of injection show significant hypoperfusion of interventricular septum (D) and right ventricle. B, 
Quantitative analysis hows that perfusion of interventricular septum (D) remains close to zero. Note the 
similar distribution of the contrast medium in other ROIs (A, 13, and C). 
covered the entire injection period. Hearts used for EBCT 
studies were different han hearts used for angiographic 
studies. Myocardial retrograde perfusion results of nine 
hearts injected with the CS internal occlusion technique 
and eight other hearts injected with the CS external 
occlusion technique were compared. 
Image analysis. Regions of interest (ROIs) were fo- 
cused on four left ventricular myocardial regions in a 
midventricular tomogram: anterior interventricular sep- 
turn and anterior, lateral, and inferior walls. The C-100 
scanner software (Imatron Inc., South San Francisco, 
Calif.) calculated the average and standard eviation of 
the pixel density values for the same spatially fixed ROI 
throughout the time-repeated scans at the same level. A 
time versus radiodensity plot was generated for each ROI. 
Relative retrograde perfusion index calculation. In 
each heart, he relative quality of the retrograde flow 
measurement was determined by comparing the myocar- 
dial enhancements obtained within the four ROIs. The 
maximal myocardial enhancement in a specific heart was 
defined as the maximal value of the four ROIs in that 
heart and expressed as a percentage. Peak myocardial 
enhancements within the three other ROIs were ex- 
pressed as percentages of that maximal myocardial en- 
hancement. Furthermore, the peak rising rate of myocar- 
dial enhancement was defined within each ROI by 
calculating the maximal slope of the curve time versus 
myocardial enhancement and was expressed as a percent- 
age of maximal myocardial enhancement. 
Statistical analysis. Differences in myocardial en- 
hancement obtained in hearts injected with the CS inter- 
nal occlusion technique and in hearts injected with the CS 
external occlusion were compared with 0 (baseline) with 
the unpaired t test. Ap  value less than 0.05 was considered 
as a significant difference. 
Anatomic study. The CS was anatomically defined as 
the portion of the cardiac venous ystem that begins where 
the oblique vein of Marshall stems and ends at its ostium 
in the right atrium. 1°-~4 The ostium of the CS can be 
identified by using the thebesian valves as a landmark. The 
valve of Vieussens is made of one or two cusps located at 
the origin of the great cardiac vein. 
At the end of the experiment, the main branches of the 
CS were dissected. The length of the CS was measured 
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Fig. 5. A, EBCT result after external occlusion of CS. All areas of left ventricle are homogeneously 
perfused. Note absence of distribution of contrast medium in right ventricule. B, Quantitative analysis 
shows similar distribution of contrast medium in left ventricule. 
between the thebesian valve (CS orifice) and the valve of 
VieussenS by means of a ruler graduated in millimeters. 
The distance between the CS orifice and the origin of its 
main branches was also calculated. The orificial diameter 
of each vessel was measured by means of internal probes. 
Each heart was then completely dissected to inspect he 
coronary arteries. 
Results 
Angiographic results. Angiographic results var- 
ied according to the type of cannulation used. In all 
hearts cannulated with the internal occlusion tech- 
nique, the sequence of perfusion was identical. The 
posterior descending vein (PDV) was consistently 
not perfused at the initial phase of the injection, and 
the contrast medium was directed toward the other 
branches of the CS (LADV and obtuse marginal 
vein [OMV]). After 30 seconds, however, filling of 
the PDV was most often observed through a 
direct venovenous anastomosis located at the apex 
of the heart between the LADV and the PDV 
(Fig. 1). 
In 10 hearts, complete opacification of the PDV 
was demonstrated, whereas the septal branches re- 
mained unopacified. In addition, a significant return 
of contrast medium from the PDV toward the CS 
was observed (Fig. 1). Consequently, hypoperfusion 
of the inferior part of the interventricular septum 
was noted at the completion of injection except in 
two cases in which satisfactory opacification of the 
inferior part of the septum occurred (Fig. 2). In four 
hearts, low filling of the PDV was obtained because 
of the absence of a venovenous anastomosis. 
Angiographic findings were similar in all hearts 
cannulated with the external occlusion technique 
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Table I. Results of peak myocardial enhancement and peak rising rate of myocardial enhancement within of 
myocardium 
Infetior Lateral Antelior Septal 
PME (%) 
Internal occlusion 75 -+ 31 80 -+ 28 62 + 36 11 + 6* 
External occlusion 77 _+ 19 91 + 17 54 _+ 26 61 ~ 18" 
eRR (%) 
Internal occlusion 9 + 5.7 9.2 ± 4.8 10.5 _+ 9 0.9 ± 0.7* 
External occlusion 12 ± 2.4 13.5 ± 6 8.7 _+ 5.5 9.5 +_ 4.9* 
PME, Peak myocardial enhancement; PRR, peak rising rate of myocardial enhancement. 
*Difference between internal and external occlusion, p < 0.0001. 
(Fig. 3). The PDV was visualized first. Then the 
posterior septal branches and the OMV were filled 
simultaneously. There was no evidence of a func- 
tional venovenous shunt. At the end of the perfu- 
sion, the entire septum was adequately perfused. 
EBCT results. Myocardial enhancement of 
hearts injected in the CS external occlusion mode 
demonstrated a much more homogeneous pattern 
in all sites of the myocardium compared with hearts 
injected in the CS internal occlusion mode (Figs. 4 
and 5). Peak myocardial enhancement and peak 
rising rate of myocardial enhancement within inter- 
ventricular septum were significantly more impor- 
tant with the CS external occlusion mode than with 
the CS internal occlusion mode (p < 0.0001; Table 
I). No significant differences were observed in other 
myocardial ROIs. Subjectively more delayed septal 
myocardial enhancement was observed with CS 
occlusion mode. In all hearts with the CS external 
occlusion mode except for one, the right ventricular 
free wall remained unopacified regardless of the 
type of cannulation. 
Anatomic results. All hearts were normally con- 
stituted and were free from coronary or valvular 
disease. The mean distance between the PDV and 
the CS ostium was 1.7 mm (range 0 to 6 ram). This 
finding easily explain why the PDV could be oc- 
cluded by balloon inflation or could be shunted if 
the balloon was placed further inside the CS. At 
their termination in the CS, the diameters of the 
PDV and LADV were similar (mean PDV 4.2 mm, 
mean LADV 4.5 ram; Table II). 
Discussion 
Retrograde cardioplegic infusion through the CS 
is currently a technique widely used for myocardial 
protection in heart operationsJ '2'15-17 Compared 
with the anterograde t chnique, retrograde infusion 
through the CS has the following advantages: (1) 
absence of selective cannulation of the coronary 
ostia during aortic valve operations, (2) the possibil- 
Table II. Anatomic results (31 hearts) 
Mean Min/Max SD 
CS length (ram) 37 22/72 5.3 
CS ostium diameter (mm) 8.5 7/11 0.4 
LADV diameter (mm) 4.5* 3.8/6 2.3 
PDV diameter (mm) 4.2* 3/5 0.2 
OMV diameter (ram) 2.5 2/4 0.2 
Distance between CS 1.77 0/6 0.6 
ostium and PDV (mm) 
Min/Max, Minimum/maximum ratio; SD, standard eviation. 
%ADV and PDV have similar diameters. 
tPDV and CS ostium are extremely close. 
ity of repeated injections of cardioplegic solution 
without interruption of the surgical procedure, and 
(3) better cardioplegic delivery in case of coronary 
lesions. 
The major limitation of this technique is a poor 
protection of the right ventricular wall and of the 
interventricular septum. 4'6, 17 Several authors have 
used sophisticated techniques to evaluate the myo- 
cardial distribution through CS perfusion, such as a 
corrosion-casting technique with a low-viscosity res- 
in 6 and distribution of radioactive microspheres. 4' 57 
In all of these studies, CS perfusion was achieved 
with a balloon catheter inflated inside the lumen. As 
reported by Menasch6 and coworkers, I this tech- 
nique can result in nonhomogeneous myocardial 
distribution. 
Our goal was to compare two occlusions modes to 
analyze myocardial distribution with retrograde car- 
dioplegic infusion. We used a dynamic approach 
and an alternative technique not requiring balloon 
inflation, with low-flow perfusion to refine the dy- 
namic angiographic and EBCT analyses. Direct 
observation of the progression of the perfusate into 
the coronary veins was studied with digital angiog- 
raphy. The distribution of contrast medium within 
the myocardium was directly analyzed by EBCT. 
This technique has been well described in previous 
reports as an interesting tool for evaluating myocar- 
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dial perfusion. 7-9 Regional myocardial perfusion was 
assessed by recording contrast medium clearance 
curves within a defined ROI. Our studies were 
conducted on normal cadaveric hearts without cor- 
onary disease or hypertrophy. 
The results obtained with both techniques showed 
significant differences according to type of cannula- 
tion (Figs. 1 and 3). When the standard technique of 
internal occlusion (intraluminal balloon inflation) 
was employed, poor opacification of the posterior 
part of the interventricular septum was observed. 
This area is supplied primarily by the PDV 
branches. Careful analysis of the computerized dig- 
ital angiograms and of the anatomic studies enabled 
us to propose two mechanisms possibly explaining 
this observation: (1) The PDV is initially unopaci- 
fled because its origin lies proximal to the balloon. 
As angiographically demonstrated, perfusion of the 
LADV and the OMV occurred first and was fol- 
lowed by perfusion of the PDV, which was filled by 
venovenous anastomosis. The perfusate returned 
toward the area of lower pressure through the PDV 
proximal to the inflated balloon. Consequently, the 
contrast medium drained into the CS may not 
penetrate into septal branches (steal phenomenon; 
Fig. 1). In only two cases, however, was opacification 
of the PDV observed in association with a satisfac- 
tory perfusion of the septum. The complete occlu- 
sion of the PDV by the inflated balloon was the 
likely cause of a high PDV pressure and conse- 
quently of the good perfusion of the septal branches. 
(2) With intraluminal inflation, regardless of the 
balloon position, filling by venovenous anastomosis 
between LADV and PDV was not consistently 
sufficient o correctly perfuse the interventricular 
septum. 
By quantifying myocardial enhancement, this EBCT 
study confirmed angiographic findings. A relative un- 
derperfusion of the septum was observed with the 
internal CS occlusion mode (Fig. 4), thus confirming 
the potential role of the PDV shunt in the nonhomo- 
geneous distribution during retrograde cardioplegic 
infusion. In the remaining left ventricle (inferior, lat- 
eral, and anterior ROIs) no difference in myocardial 
enhancement was observed between the two CS oc- 
clusion modes. EBCT findings further confirmed the 
absence of retrograde perfusion of the right ventricu- 
lar free wall. Such a finding would be expected because 
the venous drainage of the free wall of the right 
ventricule is known to occur through the thebesian 
veins and the right coronary veins, both of which are 
directly connected to the right cavities. EBCT lacks the 
sensitivity needed to demonstrate the small-caliber 
flow through the thebesian system. These results fur- 
ther substantiate concerns of many authors regarding 
poor right ventricular protection with retrograde car- 
dioplegic infusion. 
Finally, this study demonstrated that the interven- 
tricular septum was poorly perfused with retrograde 
cardioplegic administration with the internal occlusion 
technique, which may be due in part to the fact that the 
PDV was not perfused at the beginning of perfusion. 
In vitro analysis, a retrograde flow rate of 100 
ml/min, and retrograde injection of solutions at 
room temperature were used in our experimental 
study. Extrapolation of our results during retrograde 
cardioplegic nfusion at higher flow rates (200 to 300 
ml/min) should be performed with caution. In fact, 
in our study the right ventricular myocardium was 
not perfused (except in one case), whereas clinical 
studies indicate good right ventricular function de- 
spite the absence of antegrade perfusion. 1 The use 
of high retrograde flow, the existence of venovenous 
anastomoses, and the low metabolic need of the 
right ventricle may explain this apparent contradic- 
tion. Our observations may, however, be a partial 
answer to the inadequacy of retrograde cardioplegic 
infusion to protect he myocardium in some clinical 
cases. Furthermore, this study suggests that tech- 
niques to securely close the ostium of the CS may be 
advantageous in retrograde cardioplegic infusion. 
Further studies are required to determine whether 
the positioning of the inflated balloon catheter in 
the CS has an effect on the diffusion of retrogradely 
perfused solution. 
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